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INTRODUCTION
This thesis is concerned -with the etiology of
essential hypertension and before a discussion can

be considered, tt is necessary to define what is

meant by the term "essential hypertension".

Simply,

essential hypertension is synonymous witb idiopath

ic

hypertension

or hypertension �f-unknown etiology.

The term is employed �o indicate the existence of
abnormally high systolic and diasto.lio arterial

blood pressures without, evidence of a primary cause.
Essential. hypertension, according to Janeway

(1), constitutes eighty-eight _pe-roent of all cases

of persistent arterial. hypertension.

The high inci

dence of this disease .is again indicated by Janeway
who found, among 7,872 private patients_; tbat 11.1

percent had systolic blood pressures of over 165 mm.
Hg., eighty-eight percent of these being of the es- -

sential type.

Fahr (2) estimates that hypertension

or its sequelae were responsible for the death of
140,000 persons in the United States in 1924.

He

aiso states that twenty-three percent of all deaths

oocurring in persons fifty years of age or older is
the result of essential hypertension.

It is esti

mated by Fishberg (3) that sixty percent of these

cases die-from cardiac �allure, twenty percent

cerebral vascular accidents, and ten perc�nt from
renal

failure.

HISTORY
The first significant advance in the physiology
of circulation of the blood, since William Harvey
published his dissertation on this subject in 1628,
was made by Stephen Hales who, in 1733, by fastening
a glass tube to the femoral artery of a horse, devised a manometer by which he could measure blood
pressure.

A century later, in 1828, Poiseville im-

proved Hales' work by converting the single glass
tube manometer into a double glass tube manometer,
and by using me rcury as the contained fluid instead
of blood as Hales had done.

In 1896, further im-

provements were made by Riva Rocci, who devised the
pneun;ionic manometer cuff for measuring blood pressure in man (4)(5).
As a result of Rocci 1 s work, human blood pressures were taken, compiled, and compared.

Varia-

tions were seen, many speculations arose as to the
cause of these variations, and scientific interest
was stimulated.
However, even before Rocci 1 s time, pathologists
had made unexplainable observations at autopsy which
were directly concerned in human blood pressure control; these observations were mainly directed to
hypertension .
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The same year of Poiseville 1 s discovery, Richard Bright, in 1828, noted the resistance to injection of arteries in animals with ttgranular kidneys" .
Eighteen years later, Toynbee observed that in cases
of chronic renal disease, the arteries of the kidneys
were often thickened and harder than normal .

John-

son made the same observation but also found that
the arteries most predominate,l y involved were of
s mall caliber, and that their distribution was not
limited to the kidneys alone but involved the smaller
arteries of other organs as well .

In 1872, sixteen

years after Johnson's contribution, Gull and Sutton
made the same observation in patients with chronic
hypertension .

Bright, after continued study, report-

ed in 1836 that he had observed in one hundred cases
of chronic renal disease an associated hypertrophy
of the heart in fifty-two of these.

Traube, in 1856,

on purely teleological grounds, proposed the hypothesis t hat h i gh blood pressure was the link between
chronic renal disease and cardiac hypertrophy.

Jones

in 1904, Ev ans in 1920, and Fahr in 1922 determined
the nature of t he changes and the distribution of the
lesions in the s mall blood vessels in chronic hypertension (4).
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The epoch of the twentieth century occurred in
1927, a full three hundred years after Harvey's
publication, when Harry Goldblatt began his work on
experimental hypertension, marking the first conclusive deomonstration of persistent hypertension upon
an experimental basis (4).
At the time of Goldblatt • s original work , many
/

theories had been presented as to the etiology of
hypertension.
theories were:

Among the more prominent of these
1) that hypertension was due to a

widespread obstruction of the circulation by thickened small blood vessels; 2) that it was due to an increase in the intrinsic arteriolar tonus; 3) that it
was the result of vasoconstriction of the splanchnic
blood vessels; 4) that it occurred as a result of a
disturbed vasomotor system; 5) that it was due, as
Traube believed , to renal destruction which resulted
in diminished elimination of water by the kidney
with its ultimate retention in the body thereby increasing the blood volume and leading to high blood
pressure; and, finally, 6) those who believed that
hypertension was due to the retention of some presser substance in the blood by failure of its normal
elimination by the damaged kidney (4) .
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Throughout this paper, I will attempt to discuss t he current concepts concerning the etiology
of essential hypertension, with special emphasis on
the role of the kidney.

EXPERIMENTAL HYPERTENSION ·

In recent years considerable attention has been
focused on the kidney in the relation to the etiology
of essential hypertension.

For years it had been

known that hypertension is a frequent sequelae of
certain types of chronic renal diseases.

However,

no active experimental work had been done in an attempt to implicate the kidney until 1898, when Tigerstedt and Bergman (5) prepared saline extracts of
rabbit 1 s kidneys .

On injection of these extracts in-

to laboratory animals, they noted a prolonged pressor effect.
ent

11

They called the unknown active ingredi-

renin 11 and found chemically that it was a pro-

tein destroyed by heat and was non-dializable.

They

also found that it was more effective and more prolonged in action if the laboratory apimal injected
was previously subjected to bilateral nephrectomy.
Diminishing responses to equal amounts of extract
repeatedly injected was noted.
termed

11

tachyphylaxis 11

This phenomenon was

•

Since this time, little had been done experimentally until 1927 when Goldblatt (6) , through experimental study, formulated his opinion that hypertension was intimately related ~o renal ischemia.

-HHe based this opinion on the fact' that silver clamps
applied to the renal arteries of dogs resulted in
hypertension .
This aspect in the field of hypertension was
certainly laid open by these experimental findings.
Many scientists became enthusiastic and attempted to
duplicate Goldblatt•s work .

This enthusiasm has not

erred throughout the years, and much he.s been done
since 1927.

Many theories have been advanced con-

cerning the role of the kidney in hypertension ; some
of these have persisted, and many others have been
discarded .
At the present time, many investigators believe
that the pathogenesis of essential hypertension and
experimental hypertension , as produced by Goldblatt,
are identical.

Harry Goldblatt himself is of such

an opinion (6) .

The

11

Goldblatt Kidney 11

Conclusive evidence indicates that the mechanism
of experimental hypertension is of humeral rather
than of nervous nature.

Page (7), in 1935, conducted

two sets of experiments on dogs in an attempt to prove
this hypothesis .

In one group of dogs , both kidneys
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were isolated, the nerves from the aorta severed,'
and the kidneys transplanted to a position in the
flank; here, with their blood supply intact but their
nervous innervation removed, they were irradiated
with x-ray which consisted of two erythema doses to
each kidney at four to six-week intervals.

In a

second group of dogs, the same procedure was carried
out, but on only one kidney, the other kidney having
been totally removed six weeks before transplantation of the remaining kidney.

Both experiments re-

sulted in acute and sustained hypertension.
Collins arrived at similar conclusions (8).

He

used thirteen dogs which were divided into three
groups :

one group of six dogs in which both renal

arteries were constricted; one group . of three dogs
in which both kidneys were denervated; and another
group of four dogs in which both kidneys were denervated and their arteries were constricted.

In the

first and third groups , hypertension of the same de- ·
gree and duration developed; however, in the group
of three dogs subjected only to renal denervation,
no hypertension developed.
Also, against the possibility of a neurogenic
mechanism, Goldblatt, Gross, and Hanzal (9) found

-10-

that the excision of the thoracic portion of the
splanchnic nerves and the lower four sympathetic
ganglia bilaterally failed to prevent the development of a persistent hyp~rtension, following the
constriction of both renal arteries.

This procedure

also failed to relieve hypertension produced by the
Goldblatt method which had been present for as long
as four years.
Blalock and Levy (10) also found that subdiaphragmatic section of the splanchnic nerves, removal of the celiac and upper lumbar ganglia, and partial bilateral adrenalectomy did not prevent or
abolish long standing hypertension due to renal

II

is-

cbemia11, as produced by the Goldblatt method .
Sectioning of the anterior nerve roots from the
sixth thoracic to the second lumbar segments did not
prevent or si gnificantly alter experimental hypertension in GJldblatt•s and Wartman•s experiments in
1937 (11).

Neither did destruction of the spinal

cord, as shown by Gl enn, Child, and Page (12), or
complete sympathectomy including denervation of the
heart (13) relieve the condition .
Perhaps one questions the similarity of human
essential hypertension and experimental hypertension

-11-

when, in the former, frequent

ana

noticable reduc-

tions in blood pre~eure have occurred following
sympathectomy.

Goldblatt (11) explains this by say-

ing that in man with essential hypertension the renal
arterioles are reduced in size and not the main renal
artery, as is the case in experimental hypertension,
and that in the former case sympathectomy results in
relaxation of the renal arterioles in which organic
changes are not fixed, thus leading to an increased
circulation through the kidney and thereby alleviating the "ischemic" condition.

rt is obvious that

sympathectomy will not relieve the

11

ischemia" when

the renal artery is clamped.
A further indication that the mechanism is
humeral is presented by Glenn, Child, and Hever (14)
(15) who, on a group of dogs, transplanted the left
kidney to the groin , anastomosing the renal artery
and vein to the femoral artery and vein respectively; subsequent observation showed no change in blood
pressure following this procedure.

After a suffici-

ent time was allowed for acclimation, the right kidney was removed; again, blood pressure observations
showed no essential change during the next ten days.
However, on constriction of the left femoral artery,
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immediate hypertension developed.

This hypertension

was transient but on continued observation, a secondary permanent rise occurred in the blood pressure.
This transient drop in blood pressure from the hypertensive level was not explained.
Further proof of the existence of a humoral
mechanism rather than a nervous one was presented by
Fasciolo, Houssay, and Ta;quini (16).
they grafted twenty-four

11

In their work

ischemic 11 kidneys from

dogs with experimental hypertension of three to four
days• duration into the necks of twenty-four bilaterally nephrectomized receptors, anastomosing the renal
artery and vein of the transplanted kidney to the
carotid artery and jugular vein respectively.

The

result was a rapid and persistent elevation in blood
pressure of the receptor.

As a control, twenty-five

normal kidneys were grafted into twenty-five recently
nephrectomized dogs, both experiments being conducted
under identical conditions.

In this control group,

no hypertension developed in the receptor.
Since it is quite definitely established that ·
the mechanism of experimental hypertension is humeral, many investigations have been conducted to substantiate this by identifying the humeral constituents

-13-

and to explain the mechanism of their actions.
Though exhaustive experimental work has been done
concerning these features, still the true mechanism
remains unknown and the humeral constituents remain
unidentified; consequently, such vague terminology
as renin, hypertensino gen, renin activator, hypertensin precursor, angiotonin, hypertensin, angiotonin inhibitor, and hypertensinase persist.
Ori ginally, Goldblatt surmised that the
chemic11 kidney produced a substance,

11

renin 11

II

,

iswhich

acted on the blood to for m a pres ser substance which
he termed

11

ang:iotonin 11

•

This theory was ignored by

many, rejected by some, and accepted by others who
continued to experiment in an attempt to either
prove or disprove this theory.
But before discussing the experimental evidence
for or against such a theory, it is necessary to
state the hypothesis:

Hypertensinogen (renin) is an

enzyme produced in the kidney under conditions of
11

ischemia 11

•

This enzyme acts on the blo9d globulins

(hypertensin precursor.) to form hypertensin (arigiotonin), a polypeptide which acts directly on the
smooth musculature of the arterioles
to produce vaso,
constriction of these s mall vessels (17)(18).

This
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presser substance is destroyed by another enzyme from
the kidney, spleen, liver, and red blood cells; this
enzyme is called hypertensinase (angiotoninase ). (19)
(20)(21)
The proof of the existence of such a mechanism
depends upon the proof of the existence of its reactants and an explanation of their action:
1. Hypertensinogen (renin).

It has been known

since 1898 that extracts of normal kidneys have a
presser action when injected into experimental animals .

Friedman, Marx , and Abramson (22) stated that

this presser substance was confined to the renal cor- tex, for no response was elicited from injected extracts of renal medulla, ~pleen, or liver.
Leo, Prinzmetal, and Lewis (23) found that the
presser extracts of completely eschemic •kidneys
(brought on by complete occlusion of the renal artery) was much greater in activity than the renal extracts of normal kidneys .

rhey also found that

postmortem kidney extracts from fifteen patients
with essential hypertension were much more presser
when injected into normal dogs than were the renal
extracts fro m seventeen normal control patients.
In the former case, a rise in blood pressure of
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twenty-eight mm . Hg . occurred ; in the latter, a rise
of only twelve mm. Hg. occurred, and this latter hypertension was of a much shorter duration.

These

same authors (24) substantiated their finding s by
perfusion experiments on eight cats.

They found that

saline perfusates (1 cc. saline for every gram of
kidney substance) injected under pressure into the
artery of a removed

11

ischemic 11 kidney and collected

through the renal vein were much more presser in
activity than were perfusates obtained in a similar
manner from normal kidneys; in fact, the perfusates
from the

II

ischemic 11 kidneys produced an average blood

pressure rise of thirty-five mm. Hg., whereas the
perfusates from the normal kidneys had no effect
when intravenously injected.

Their next experiment

was carried out on a group of fourteen cats. -Here
both kidneys of each cat were made completely ischemic by renal artery li gat ion.

After a five-hour

period, one renal artery was released, thereby reestablishing the circulation in that kidney .

The

expected hypertension then developed in the animals
thus treated .

Aft er a short period of time, both

kidneys were removed, one having been completely ischemi c with no re-established circulation, and the
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other also having been completely ischemic but differing from its fellow in that it had been "flushed out 11
by the re-established circulation.just prior to remov-

al .

Saline perfusates were then made from each kid-

ney.

,The perfusates fro m the released kidneys were

found to be considerably less presser in action than
the perfusates from the unreleased kidneys, thereby
establishing the fact that the circulating blood in
the released kidneys had "washed out 11 the presser
substance formed in those kidneys.

To corroborate

this evidence, extracts were made of these kidneys,
and it was found that the extracts from 'the unreleased kidneys were much more pressor than the extracts
fro m the released kidneys.

Control experiments were

run on six normal cat kidneys, the perfusates of
which were found to be non-pressor.

Thus it was fur-

ther proved that the presser substance found in the
perfusates _of eschemic kidneys is the cause of hypertension which occurs upon termination of complete
renal ischemia.
Now , it is necessary to establish the fact that

hypertensinogen is the substance that precipitated
the hypertension as seen in the above experiments.
It was found that these perfusates lost their presser

-17qualities after they had been boiled for ftve minutes; this quality is characteristic of heat labile
hypertensinogen (17) (18) .

It was also demonstrated

that t hese perfusates exhibited tachyphylaxis on repeated injections; hypertensinogen from renal extracts shows the s ame phenomenon (5) .

Also, the con-

figuration of the hypertensive curve of the perfusates was the sam& as that of hypertensinogen from
renal extracts.

Incubation of the perfusates with

plasma at 37 degrees C. for fifteen.minutes yielded
a heat-stable pressor substance (hypertensin) .; this
is also true of hypertensinogen (17)(18) .

The pres-

ser activity of the perfusates and of hypertensinogen fro m renal extracts are not diminished by previous injection of cocaine (24).
In a second experiment done by these same authors, both kidneys of a group of ten cats were made
completely ischemic by ligation of the renal pedicles bilaterally .

After a short time, both kidneys

were removed and one was perfused with saline until
the perfusate collected fro m the renal vein was completely clear, thereby washing out all the stagnant
blood .

The remaining kidney was undisturbed .

Both

kidneys were t hen replaced in the abdo men of each
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respective cat and remained there for a period of
five hours for the purpose of incubation.

After

this five-hour period, the perfusates were taken from
both kidneys of each cat.

These perfusates were then

boiled for five minutes to destroy any hypertensinog en present.

The results on injection were as expect-

ed; the boiled perfusates fro m the kidneys without
blood had no presser action.

However, the boiled

perfusates fro m the blood-containing kidneys, on the
other hand, were strongly presser, for here heats t able hypertensin had formed as a result of the
incubation of the hype r tensinogen and blood plasma
in the stagnant renal vessels (17) (18).
Other experiments were carried out in an attempt
to explain further the hume r al mechanism.

These ex-

periments, however, were conducted in an entirely
different manner.

Assuming that t he renal artery

constriction and the resulting renal

11

ischemia 11 was

responsible for the production o·f hypertensinogen,
Collins and Hamilton (25), in 1943, believed that
r elative renal ischemia produced by severe shock with
its resulting i mpaired circulation should also result
in the liberation of hypertensinogen by the kidney.
On experimenting with a group of do gs, they found that
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by means of multiple prolonged hemorrhages, they
produced a state of severe shock and hypotension.
They noted that a state · of tachyphylaxis developed
as a result, for injection of hypertensinogen as pre-·
pared fro m renal extracts only produced minimal response.

It was assumed that tachyphylaxis had de-

veloped as a result of the exhaustion of the animal's
own hypertensin precursor (renin activator) result~

ing fro m a compensatory liberation of relatively large
amounts of hypertensinogen by the animal's kidneys
in an effort to compensate for the hypotension.

These

authors believed that the development of hypertensinogen tachyphylaxis might be a contributing factor
in the development of shock.

This depletion of the

hypertensin precursor in the blood was not due to its
loss through hemorrhage, but rather fro m its exhaustion by compensatory liberation of large amounts of
hypertensinogen.

This fact was proved in an experi-

ment conducted on six recently bilaterally nephrectomized dogs which, after hemorrhagic hypotension,
showed greater than nor mal amounts of hypertensin
precursor in the blood.

These same authors found an

increase in the blood hypertensin in the dogs subjected to hemorrhagic hypotension; but, on the other

-20-

hand , they found no increase in hypertension in nephrectomized do gs sub jected to the same treatment .
This further indicates that hypertensin precursor is
elev ated in states of severe hemorrhage, and also

.

shows that t he kidney is the site of formation of the
precipitating factor hypertensinogen.
1.,,-

Similar re-

sults and conclusions were arrived at by Huidobro ,
Braun, and Munendez (26) .
Page also corroborated this work (27).

He per-

fused citrated biood plasma in Ringer ' s solution
from blood of dogs, suff ering fro m the shock induced
by multiple hemorrhage, in rabbits' ears, the arterioles of which were visualized microscopically through
small glass windows.

His results were as follows:

In eighteen do gs bled from two to seven percent of
their body weight, their blood consistently contained
-

a presser substance which caused vasoconstriction in
the arterioles of a rabbit 1 s ·ear .

This pressor sub-

stance presumably is hypertensin .

Collins and Hamil-

ton support this theory (28).
Kaplan and Friedman (29) conducted several intere s ting and convincing experiments concerning the
origin of hypertensinogen.
.....

In one experiment, they

obtained hog fetuses· of various ages fro m slaughter

-21- ,

houses.

From these fetuses they obtained both meso-

nephri and metonephri.

These were collected separ-

ately and when a sufficient quantity had been obtained, extracts were made of each.

Tpey assumed that

th~ extracts from the mesonephri, having more glomerular and less tubular tissue than the metonephri, would
differ in presser activity from the metonephric extracts, depending upon the site of hypertensinogen
formation, whether in the glomeruli or the tubules .
The extracts, as expected, were pressor and the degree of presser activity was found to vary directly
✓

with the a.mount of tubular tissue and was independent
of the a.mount of glomerular tissue present, for the
metonephric extracts were much more pressor in action
than the extracts of the mesonephri.

Through further

experimentation, this pressor substance was identified
as hypertensin formed from hypertensinogen and blood
globulin interreaction.
Some investigators, most notably Goormaghtigh
and Grimson (30), Graef and Smith (31), have placed
the site of hypertensinogen formation in the epithelioid cells of the juxtaglomerular apparatus located
around the afferent arteriole of the glomerulus, for
on microscopic section of the kidneys of hypertensive

-22patients, hypertrophy of these cells was frequently
encountered.

However, Oberling (32), in 1944, fail-

ed to find such hypertrophy frequent in kidneys of
patients with essential hypertension, but, on the
contrary, noted degeneration and regression of these
cellular elements.

.

Oberling believes that the·le-

sions ori ginally described by Goormaghtigh are the
result of hypertension and represe~t a secondary
l

muscular hypertrophy and art erioscleros-i s.

The ex-

peri ments conducted by Kaplan and Friedman certainly
emphasize the latter theory.

This theory was furth-

er emphasized by the fact that Kaplan and Friedman
did not find any evidence of juxtaglomerular cells
on m~croscopic section of the fetal kidney used in
their experiments, and yet these ki dneys were shown
to contain hypertensino gen, as shown above.

Also,

on microscopic section the nephron$ of the mesonephri did not contain a loop of Henle, and they contained only litt~e collecting duct epithelium.

This

s uggests that t hese portions, namely, the loop of
Henle and the epithelium of the collecting ducts,
o not .enter in the production of hypertensinogen,
thus '.le aving only the epithelium of the convoluted
tubules as t he only source of hyper t ensinogen.

These
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authors also noted that it was the convoluted tubule
epithelium that grew and differentiated most in the
growth transition from mesonephros to metonephros
to the adult form.
Kaplan and Friedman conducted further experiments concerning this problem of the site of hypertensinogen formation (33).

I n one experiment, thirty-

two rabbits were injected with a tartaric acid solution which causes selective necrosis of the proximal
convoluted tubules, leaving the other portions of
·the nephron intact.

The kidneys were then removed

and extracts were immediately made.

These extracts

were then injected into do gs , and the degree of hypertension which subsequently developed was found to be
inversely proportionaJ. to the degree of proximal tubular necrosis as determined by microscopic sections.
They demonstrated that the markedly damaged kidneys
were almost completely devoid of hypertensinogen,
whereas ten normal kidneys used as controls contained
the maximum amounts of hypertensinogen.

The substance

obtained from these kidneys was identified as hypertensinogen.

It may be concluded therefore that the

site of hypertensinogen formation in the mammalian
idney is located in the ep ithelium of the proximal
convo.luted tubules.

-24Concerning the chemical configuration of hypertensinogen, little is known at the present time;
however, much scientific investigation has been done
by many chemists in an atte mpt to determine its exact formula.

Among the most prominent of these has

been Munoz, Menendex , Fasciolo, Leloir (34)(35),
Friedman and Uarx (22), and Croxallo (36) (37).
Through their analyses, they have agreed that hypertensinogen is probably a proteolytic enzyme inactivated by heating at 60 degrees C.

Proof of its en-

zy~atic qualities lies in the fact that 1) it is a
protein inactivated by heart; 2) the yield of hypertensin when hypertensinogen is incubated with blood
plasma is proportional to the amount of blood globulins (hypertensin precursor) and not to the amount
of hypertensinogen present; 3) maximum hypertensin
yield is achieved at an optimum pH, temperature and
time of incubation, and when any of these conditions
are changed, the yield of hypertensin is proportionally decreased; 4) the substance on which hypertensinogen acts is a protein and the reaction product is
probably a polypeptide; and 5) the hypertension which
develops in laboratory animals following hypertensinogen injections is much slower in developing and is
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of a more prolonged duration than that seen following hypertensin injection, thus assuming that the
hypertensin needing no enzymatic activation acts
rapidly and·is destroyed rapidly whereas hypertensinogen requires time for activating the hypertensin
precursor to form the hypertensin which is being
continually formed over a period of time producing
a more prolonged action .
2 . Hypertensin precursor ( renin activator ).
This substance at the present time is believed to be
the substrate upon which the enzyme hypertensinogen
acts to for m hypertensin .

Its existence was first

considered ~hen, following the injection of hypertensinogen as derived fro m renal extracts, the hypertension which developed was relatively slow in onset
and after reaching a maximum level slowly rec eded .
This constant finding leads many to believe that
there must be some · intermediate product formed, for
certainly if the extract itself contained the presser
substance, a response should have been elicited immediately _after the injection (35) .

As the result of

later experiments, it was believed that the intermediate product was formed from the interaction of renal
extracts with blood plasma, for saline kidney extracts
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injected into the isolated rabbit's ear produced no
vasoconstriction; this also proved that the renal
extract per se is not presser ( 38).

It was also

noted that repeated injections of renal extracts
demonstrated tachyphylaxis.

From this it was assum-

ed that hypertensinogen tachyphylaxis was due to the
depletion of its "activator" in the blood.

This

fact was substantiated by Leo, Prinzmetal, and Lewis
(23) who found that the presser action which follows
termination of co mplete renal ischemia is greatly reI

duced or absent in animals previously rendered tachyphylactic.

Page and Helmer (19) showed that the

tachyphylaxis produced in an isolated rabbit's ear
fro m repeated injections of renal extract into recirculated blood can be partially or co mpletely overcome by the addition of fresh blood plasma.

This

active principle in blood plasma was termed hypertensin precursor.

Many investigators, most notably

Page and Helmer (38) and Fasciolo et al (34), have
shown that hypertensin precursor is in the blood in
far greater amounts than anywhere else in the body.
They have found that when hypertensinogen is incubated with blood plasma at 37 degrees C. for fi£teen
minutes in quantities of three parts hypertensinogen

-27to one hundred parts plasma at a pH of ·seven, the yield
of hypertensin will be maximum, and if a longer period
of incubation is used, the yield will be proportionally
smaller, the quantity varying indirectly with the time
of incubation over fifteen minutes .

These investigat-

ors describe hypertensin precursor as a pseudoglobulin
for it is precipitated from the blood by saturated ammonium sulfate solution, by saturated sodium chloride
I

solution.at pH 2-3 , by 2 M. potassium phosphate solution, and it is inactivated by heating and is not precipitated by dialysis .

For further proof of the ex-

istence of hypertensin precursor, Page, Kohlstaedt,
and Helmer (39) conducted experiments in which isolated dog tails were placed in a water jacket for minute
observation of the arterioles and arranged in such a
way as to make perfusion possible.

No decrease -in

perfusion rate or vasoconstriction was observed following the injection of blood plasma alone , but intense
vasoconstriction and an eighty percent reduction in,
perfusion rate was noted after injection of hypertensinogen incubated with ·blood plasma .

They also con-

ducted the same experiments using blood plasma from
normal dogs and that from dogs made hypertensive.
After the addition of hypertensinogen and its incubation separately with the plasma from both, they noted
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pressor response and t he perfusion rate changes were
much more severe when the plasma from the hypertensive do gs was used.
Knapp, Mcswain, and Page (21), in 1942, conducted experi ments on eleven do gs in an attempt to determine the site of origin of hypert ensin precursor.
These do gs were rendered hypertensive by _bilateral
renal arterial constriction, and soon after this,
these animals were subjected to hepatectomy.

After

v arying intervals of time, samples were withdrawn
from the blood and were tested for hypertensin and
hypertensinogen content by means of perfusion through
an isolated rabbit I s ear.

After as short a ti me as

two to three hours following hepatectomy, the presser
response, as measured by the degree of vasoconstriction in the rabbit's arterioles, was co mpletely ab1

sent upon the injection of hypertensino gen to the
perfusion fluid, whereas the response to hypertensin
injection remained unaffected.

Similar results were

obtained using dogs poisoned by liver intoxicants
such as carbontetrachloride, alcohol, etc.

These re-

sults showed that the lack of response to injected
hypertensinogen· was due to the lack of hypertensin
precursor.

These experiments showed that the liver

was the main source of hypertensin precursor.
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3. Hypertensin (angiotonin).

I believe that

enough has been said in dis cussing the origin, composition, and action of the other constituents of the
humoral mechanism to support the existence of hypertensin, the fundamentally active substance responsible for the arteriolar vasoconstriction and resultin hypertension as seen experimentally and perhaps
clinically as essential hypertension.

But one might

add a few more pertinent facts substantiating its
existence.

Simple proof that it is the true presser

substance lies in the fact that an immediate response
is seen after its injection, and that, a state of

.

tachyphylaxis does not exist following its repeated
injection as is the case with hypertensinogen (35).
Many authors, most prominent among whom are
Page (40) and Menendex et al (35), have shown that
hypertensin, as prepared artificially

?Y

incubating

hypertensin precursor from blood plasma with hypertensinogen fro m renal extracts, is the same substance
chemically and pharmacolo gically as that substance
taken from the renal vein of so-called

II

ischemic 11

kidneys of hypertensive dogs.
Concerning its chemical properties, it has been
found to be soluble in water, insoluble in ether and
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alcohol, resistant to acids and heat, non-resistant
to alkalies, precipitated by ammonium sulfate, and
dializable through cellophane ( 34 ).

Crystal.line

oxalates and picrates hawe been prepared by Page
(38).

In 1944, Page (41) continued chemical analysis

by use of crystalline enzymes such as carboxypeptidase, chymotrypsin, trypsin, and pepsin.

It was de-

termined through these experiments that hypertensin
must be a compound containing at least three peptide
linkages and must contain 1) a free terminal aminoacid group; 2) a free terminal. carboxyl group; 3)
one basic amino-aci d residue whose carboxyl must be
involved in a peptide linkage; 4) one central dibasic amino-acid residue in combination with an aromatic amino-acid residue; and 5) an aromatic aminoac id residue.

The si mplest co mpound answering this

description would have the following basis structure:
NH2-CH-C0--NH-CH-00-NH~CH-C0-NH.;..CH- -C00H

I

Aromatic

I

Basic

f

Acid

I

Aromatic

Certain pharmacological properties of hypertensin are interesting and are of importance in differentiating this substance from other presser substances
to be discussed later.

Following the injection of

hypertensin, the blood pressure curve is much different
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fro m that seen following epinephrin and pituitrin injections, but resembles that seen after the injection
of tyramine; however, the renal pressor substance
differs fro m tyramine in its non-diffusibility and
its -insolubility in alcohol.

Furthermore, a pharma-

colo g ical difference between these two substances
has been noted in their vasomotor effects after cocaine injection (22), for the presser activity of hypertensin is not di minished by a previous injection of
cocaine whereas the latter abolishes the preasor activity of tyramine (24).
4. Hypertensinase (angiotoninase, angiotonin inhibitorl.

In all of the experiments on producing hy-

pertension in laboratory animals, it has been known
that in order to produce a persistent elevation in
blood pressure it was necessary to either . render both
kidneys "ischemic" by bilateral constriction of both
renal arteries or place a clamp on only one artery and
remove the other kidney.
only one kidney rendered

If this was not done and
11

isc,hemic 11 --the other kidney

being normal--hypertension would develop but would be
only temporary, and the blood pressure would soon return to the prehypertensive level.

This fact had

always been a problem in attempts to correlate essential
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hypertension and experimental hypertension.

In fact,

it had been one of the main objections presented by
clinicians in accepting the

11

renal-ischemia 11 theory

as being the cause of clinical essential hypertension.
This protecting role of the normal kidney had always
been hard to understand until recent years.
Page and Helmer (38), in 1940, noticed when preparing hypertensin by incubation that if the incubation time was prolonged over the optimum time for
maximum hypertensin yield, the. quantity of hypertensin
rapidly was destroyed.

These authors surmised that

hypertensinogen, though instrumental in hypertensin
formation, also destroyed it after it had formed.

In

perfusion experiments on rabbits' ears (42)(20), they
found that the injection of hypertensin in Ringer's
solution produced ·the expected degree of arteriolar
vasoconstriction, and that the injection of a fresh
preparation of hypertensin in Ringer's solution with .
0.5 cc. normal blood caused no further, in fact, less
yasoconstriction, but when hypertensin in Ringer's
solution was added to 0.3 cc. of blood from a neph~ectomized animal, a much more severe vasoconstriction
resulted than was previously noted.

These authors

also found that the process of transfusing normal
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blood into nephrectomized animals greatly reduced
their sensitivity to subsequent hypertensinogen injections, and that injection of hypertensinogen and
hypertensin alone into nephrectomized dogs produced
practically a doubled presser response as compared
with those injec'tions into normal dogs.

From these

findipgs , the authors concluded that the normal kidney produces an anti-presser substance which they
called hypertensinase and which they believed inactivated hypertensin.

They were of the opinion that

this hypertensinase was responsible for the hypertensin inactivation in prolonged incubation of hypertensin and i mpure renal extracts and blood plasma, and
that it also was responsible for the diminished hypertensin sensitivity of normal dogs as compared with
the increased sensitivity of nephrectomized dogs.
Their conclusions were supported by other authors (34)
who had observed similar results.
In further experiment s by Munoz, Menendex, Leloir, and Fasciolo (34), it was demonstrated that hypertensinase was destroyed by incubation for fifteen
minutes or longer at 37 degrees C. at pH 3.9; that it
was destroyed by boiling; and that it had an optimum
pH of 7.5 to 8.5 for maximum activity.

From these

-34findings, hypertensinase was classed as an enzyme.
These findings were great contributions in the experimental field, for now it became -possible to prepare stable solutions of hypertensin.

It was only

necessary to incubate renal extracts with blo~d plasma under optimum time, temperature, and pH, then
heat the solution to destroy the hypertensinase and
hypertensinogen; this heating, of course, did not
affect the heat-stable hypertensin.
Continuing their work , Page_, Helmer, and Koh¼staedt (43), in 1942, attempted to determine whether
or not the kidney was the ' only source of hypertensinase.

They prepared extracts of kidney , muscle, liver,

spleen, and intestine.

These extracts were then in-

cubated with hypertensin for thirty minutes at 37 degrees

c.;

then they were boiled and injected into

cats so as to measure the pressor activity _of each
solution.

The solutions containing the kidney ex-

tracts were much less pressor than any of the others
and it was therefore assumed that more hypertensin
was destroyed in these solutions, and that the kidney
was a potent source of hypertensinase.

These findings

were consistent with those of Menendez et al (34).
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For the first time since the studies in experimental hypertension began, it became now possible to
apply practically those findings as described above
in the treatment of clinical essential hypertension.
The rationale behind this treatment depended upon the
fact that because kidney extracts were rich in hypertensinase content, the injection of such extracts into patients with essential hypertension, providing
that this form of hypertension was caused by excessive quantities of hypertensin in the circulating
blood of these patients, would destroy this excess
and combat the hypertension.

The clinical results of

this therapy are of great interest and will be discuseed later in more detail.
Many experiments have been devoted to the study
of the mechanism of production of hypertensinogen by
the kidney in experimental hypertension.

Goldblatt

(4), as previously stated, was the first to produce
experimental hypertension in dogs by 13-pplying silver
clamps on the renal arteries and thereby constricting
them.

Since that time, many other methods have been

successful in producing the same type of hypert-ension.
experimentally.

Cellophane wrapped around the kid-

neys has been found to produce a more insidious chronic
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type of hypertension.

The basis for this was that the

irritation of the cellophane produced renal inflammation and subsequent fibrosis; the scar tissue thus
for med ultimately contr acted the renal parenchyma and
embarrassed the intra-renal circulation.

The same

mechanism occurred in the so-called silk-perinephritis method .

Adhesive bands were applied around both

renal poles by Grollman (44) to produce ·hypertension,
and ureteral constriction with ultimate hydronephr, osis also resulted in the typical hypertension.

No

matter what the mechanism, the hypertension in every
case was proved to be of humeral mechanism identical
to that seen by Goldblatt.
In 1940, Page and Kohlstaedt (45) carried on experiments in which they were able to produce the
typical experi mental hypertension by reducing the
pulse pressure in the renal artery without diminishing the total renal blood flow.

In these experiments

with very complicated apparatus in which they replaced the heart by a mechanical pump, it was possible to
reduce the pulse pressure of the renal artery of dogs
perfused with their own defibrinated blood.

These

authors demonstrated that when the pulse pressure was
reduced, a substance appeared in the renal vein, blood
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of the involved kidney,' which when added to hypertensin precursor produced intense arteriolar vasoconstriction when perfused through an isolated rabbit's ear.
These men believed that a decrease in the pulse pressure of the renal arterial blood was the initiating
factor in the production of exper-imental hypertension,
and speculated that this reduced pulse pressure, causing a more continuous constant pressure rather than
the normal pulsatile pressure in the kidney, resulted
in edema and anoxia of the proximal tubular cells leading to an increase in the permeability of their cellular membranes with the subsequent release of hypertensinogen which, when in contact with hypertensin precursor, produced hypertensin which, in turn, caused
vasoconstriction of the efferent glomerular arterioles
leading to £urther tubular anoxia, and initiating a
vicious cycle.
McMasters and Parsons (46)(47) have shown that
after the introduction of dyes into the connective
tissue and lymph atics of rabbits' ears, the spread of
these dyes in the interstitial space and lymphatics is
greatly reduced when the pulse pressure is reduced in
the arteries of the ear, and that such a reduction
leads to a passive lymphedema of the ear which results
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from the absence of a mechanical pulsatile force of
the arteries and arterioles which normally tends to
aid in lymph drainage.
It is interesting that on postmortem examination
of patients with essential hypertension, the renal
tubules do show signs of anoxic changes (49), and
that in experimental hypertension, the methods of production of the hypertension all cause a reduced pulse
pressure in the intra-renal hemodynamics.
ter is an interesting fact and,

~

This lat-

believe, a signifi-

cant one although it has never been mentioned in the
literature.

Certainly it should not be overlooked

in attempting to discover the important mechanism of
hypertensinogen liberation.

In hypertension from the

various methods which produce renal scarring such as
cellophane perinephritis, renal irradiation with
x-ray, etc., the kidney is s mall and fibrotic; this
would mechanically reduce the amplitude of pulsation
in the intra-renal blood vessels.

Also, in hydro-

nephrosis an increased intrapelvic pressure would
conceivable reduce the pulse pressure in a similar
manner .

In hypertension resulting from application

of the Goldblatt clamp to the renal arteries, there
is no actual reduction in the lumen of the renal
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·artery, but there is a reduced pulse pressure in this
artery; there is actually no primary

11

ischemia 11

,

as

described by Goldblatt, but there conceivably is a
reduced lymphatic flow through the kidney which, in
turn, could result in a secondary ischemia, as mentioned previously.

Assuming that the mechanism of

reduced pulse pressure, as advocated by Page and Kohlstaedt, is true, it is understandable that clinical
sclerosis of the renal artery and arterioles, by producing a reduced pulse pressure in these vessels,
could be responsible for the development of renal hypertension.
Ravich (49) presents an interesting concept concerning the etiology of essential hypertension as seen
clinically, with hypertension seen experimentally.
He noted that the frequency of intra-renal pelves in
patients with essential hypertension was unusually
high.

He states that a certain proportion

0£

humans

are afflicted with the persistent fetal type of intrarenal pelvis.

In such a type of kidn'ey, the renal

artery, which is located between the renal pelvis
centrally and the renal pa.renchyma peripherally, is
subjected to abnormal stresses and strains as a result of pyelitis, hydronephrosis, etc. which are often

-40associated with an enlarged renal pelvis which encroaches upon the renal artery; as a result of nephritis with its associated parenchymal edema also crowding the renal artery against the pelvis, as a result
of polycystic kidney, and the many other pathological conditions seen frequently associated with essential hypertension .

Also with the intra-renal pelvis,

the increased mobility of the k_idney due to the open
inferior end of its fatty capsule has an important influence on the freedom of pulsations of the vessels
at the hilum of the kidney.

This is significant when

one considers that man throughout the ages has undergone evolutionary changes such that he now assumes an
abnormal erect posture whi~h has replaced the normal

.,

posture as seen in the quadripeds .
Ravich did not produce statistical information
substantiating his theory, and little has ~een done by
others in presenting the necessary data to confirm his
findings .

However, Hayes and Ashley (50) later in

1943 presented a series of fi"fty-five cases of essential hypertension picked at random, forty-six of whom
"

showed evidence of an intra-renal type of kidney pelvis on retrograde pyelography .
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The Presser-amine Theory
One of the theories most actively competing with
the theory advocated by Goldblatt , Page, Menendez et
al, and one which is of comparatively recent acclaim
is that originated by Bing and Zucker (51)(52)(53)
and Holtz (58).

These authors found that the incuba-

tion of renal cortical extracts with amino-acids
under anaerobic conditions converted these aminoacids by means of decarboxylating enzymes in the renal
tissue to their corresponding amines .

Certain of the

amines being highly presser lead Bing (51) to conduct
further experiments in conjunction with these findings .

He demonstrated that the isolated

kidney of the cat which was made

11

11

ischemic 11

ischemic 11 by the

application of the Goldblatt clamp when perfused in
in vitro with blood containing the amino-acid dihydroxyphenylalanine (1-dopa) transformed this aminoacid to hydroxytyramine by decarboxylation.

This

amine being presser was identified by injecting this
perfusion fluid into normal cats which invariably resulted in an elevation of blood pressure, the curve
of which was strikingly similar to that seen following hypertensin injection.
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Zarkin (54) d~monstrated biochemically that
normally after decarboxylation, the aromatic aminoacids in the kidney were converted to their corresponding amines having presser quali.ties, and that
these amines under aerobic conditions were deaminized by amine oxidase and thereby rendered non-presser,
but under anaerobic conditions as in renal

II

ischemia 11

though the decarboxylating process was unhindered,
deaminization did not uccur and, as a result, presser
a.mines were liberated producing hypertension.
Bing and Zucker (52) found that ·the amount of
presser amine produced by the kidney varied inversely
with the rate of blood flow through the kidney.

They

conducted several other experiments , but many of these
were not sufficient to establish conclusively their
theory.

In another experiment , they worked on eight

cats; two were made hypertensive by unilateral nephrectomy in conjunction with partial clamping of the opposite renal artery; in two others unilateral nephrectomy was done .and the opposite kidney was made completely ischemic by ligation of the renal artery; in
the four remaining cats nothing was done so that they
could be used as controls.

Fifty milligrams of 1-dopa
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was then injected intravenously into each cat.

In

the normal control cats and in those with acute complete ischemia, no change in blood press~re was noted; but in the hypertensive cats with unilateral
partial renal

11

ischemia 11

an increase in the hyper-

,

tension of _sixty mm. Hg. occurred above the original
hypertensive level.

The blood pressure curves were

also similar to those seen following hypertensin
injection.
Page and Reed (55) observed that the hypertension which developed following 1-dopa injection into
five nephrectomized cats was greater and more prolonged than that seen after the injection of the same
amount of 1-dopa into normal cats.

This implied that

the deaminizing enzyme amine-oxidase normally present
in the kidney is instrumental in destroying the presser a.mine hydroxytyramine .
The role of tyrosinase was investigated by
Schroeder and Adams (56).
groups forty-four rats.

They divided into three
In one group , they applied

a renal artery clamp to one kidney and removed the
remaining kidney; in another group they produced hypertension by ureteral ligation, causing ultimate
hydronephrosis; and in the third group of rats, they

-44produced hypertension by means of trauma to the kidney~-only fifty percent of this group did develop
hypertension, this probably being due to the inability to control the exact amount

of

renal damage.

Six-

teen of the hypertensive rats were injected with
tyrosinase and in every case the blood pressure returned to prehypertensive levels; these levels were
maintained following only one injection.

The injec-

tion of the same amounts of tyrosinase in twenty-two
normal rats produced variable results.

In the remain-

ing hypertensive rats, the injection of pre-heated
tyrosinase had no effect on reducing the blood pressure; this quality is similar t0 that of hypertensinase.

gimilar experiments were conducted on seven

hypertensive dogs, and the . results were identical to
those seen above in rats, but differed in that the
normal blood pressure could be maintained only with
multiple injections of tyrosinase, and that one injection alone, as was the case in rats, was not suf~
ficient.to maintain prehypertensive blood pressure
levels .

In further experiments on twenty-five normal

rats and eight normal dogs, the same authors found
that hypertensinogen, after being incubated with
tyrosinase, was inactive and tbat the same was true
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when tyrosinase was incubated with hypertensin.

These

results were confirmed by Bing, Perkins, and Zucker
(51).

Although there are many facts in favor of such a
theory as advanced by Bing , Zucker et al, there are
also many convincing facts against it, against not
only the hypothesis that essentiaJ. hypertension is .the
result of an interrupted deaminization process in the
kidney, which is due to renal anoxia, but also against
the theory that the mechanism of experimentaJ. hyper~
tension described by Goldblatt et al is actually the
one and the same as that described by Bing and Zucker.
-- But before discussing these facts, it becomes
necessary to demonstrate a flaw in this theory as regards the action of tyrosinase.

Tyrosinase has abso-

lutely no action in the destruction of presser amines,
but rather acts upon tyrosine to convert it to dihydroxyphenylaJ.anine, a non-presser substance-.

The only

way in which this compound may beco me presser is
through a decarboxylation process to form hydroxytaramine, the pressor substance considered in the
above experiments.

And, as previously stated, the

decarboxylation process is not interrupted in the socalled

11

ischemic 11 kidney.

This fact would show that

-46by the addition of tyrosinase in hypertensive animals, if the hypertension were due to hydroxytyramine, the condition would be aggravated rather than
relieved by this injection.

Also, tyrosinase func-

tions only in the presence of oxygen; so if a sufficient degree of anoxia is present in the kidney to

1

prevent the anti-presser amine oxidase from inactivating hydroxytyramine, then certainly tyrosinase
will be rendered inactive by this anoxic state.

These

facts regretfully have not been considered by the advocates of the presser-amine theory.

Now, in considering the similarity between the
humeral theory of Goldblat t and t he presser-amine
theory of Bing and Zucker, it becomes necessary to
demonstrate many pertinent facts that show that these
two mechanisms are not the same.

Bing and Zucker

themselves (57) found that the · destruction of hypertensin by the kidney did not involve an oxidationdeaminization reaction, for they found that:

1) the

destruction could occur in anaerobic conditions; 'and
such is not the case with hydroxytyramine; 2) a fraction of kidney extract can be prepared which destroys
hypertensin but fails in inactivate hydroxytyramine;
and 3) hypertensin is destroyed when incubated with
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renal extracts in the presence of octyl alcohol (an
alcohol which inhibits deaminization by destroying
amine oxidase); however, under identical conditions
hydroxytyramine is not destroyed for it cannot be deaminized without the presence of amine oxidase; and
4) it has been established that hypertensin is a
polypeptide and not a co mpound of t he structure of
hydroxytyramine .
Prinzmetal, Leo, and Lewis (24) found in their
experiments with cats that the presser activity of
perfusates and of hypertensino gen is not diminished
by the previous injection of cocaine, whereas cocaine
abolishes the presser activity of hydroxytyramine.
Also, Friedman, Marx, and Abramson (22) demonstrated
conclusively that there is no tyramine present in alcoholic extracts of kidney cortices used in their experiments as a source of hypertensino gen.
The finding s of Zucker and Bing (57) also es- ,
tablish the fact t hat amine oxidase is not the same
or even similar to hypertensinase both in action and
structure.
Croxatto and Croxatto (59) conducted similar
experiments to prove that hypertensin and hydroxytyramine are not identical compounds.

These extracts

-48when incubated with hypertensin destroyed it, but when
incubated with hydroxytyramine and epinephrin for several hours did not affect their presser activity.

In

contrast, incubation of hydroxytyramine and epinephrin
with tyrosinase will rapidly destroy these compounds.
They also found that when hypertensin is incubated
separately with hypertensinase and tyrosinase in the
presence of cyanide (which inhibits the normal oxidative processes in the tissues), tyrosinase was totally
inactive whereas hypertensinase was not ·, thereby further differentiating these two compounds.
There yet remains to disprove the theory that essential hypertension has as its etiology the me chanism
described by Bing and Zucker.

Bing himself (10) pre-

sents evidence against this possibility.

If such a

mechanism were present, it would have to be accompanied by a condition of complete anoxia of the kidney.
We know that such a condition does not occur in the
kidney of essential hypertension, for if such was the
case, complete renal necrosis would result.

Hyper-

tension, as produced by hydroxytyramine injections,
is accompanied by an increase in the peripheral resistance and a decrease in the peripheral blood flow; in
essential hypertension a diminished peripheral blood

-49flow does not exist (18)(42).

Also, the injection of

pressor a~ines will increase the cardiac output; however, no increase in the cardiac output occurs in
patient with essential hypertension (42).
From the data presented above, it is possible to
assume that the mechanism of experimental hypertension and clinical essential hypertension is not the
same as that produced in laboratory animals by the injection of hydroxytyramine under conditions of

11

renaJ..

ischemia".

The Vitamin-deficiency Theory
Another theory of interest is that presented by
Calder (61) in 1942.

Little work has been done in de-

veloping this theory and, consequently, it is difficult to correctly evaluate it.

As in the presser-amine

theory, Calder formulated his ideas on the basis of·
renal anoxia and actually another phase to the hypothesis presented by Bing and Zucker, who believed that a
disruption of the normal oxidative process occuring in
the kidney would lead ,to hypertension.

The sources of

some of these enzyme systems are endogenous as tyrosinase, and others are exogenous.

Calder speculated
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that if the exogenous sources were eliminated, hypertension might develop, and since the vitamin B complex
is the source of several of the importroit enzymatic
compounds involved in tissue oxidation, its elimination from the diet might produce hypertension .

Work-

ing with this hypothesis, he raised fifty rats on
diets deficient in the vitamin B complex but, contrary
to the expected results, all rats developed hypotension.

However, with further experimentation, he found

that in another group of rats, whose diets were defici
ent only in the heat-stable fractions of the vitamin B
complex, all developed a persistent hypertension which
could be .alleviated by the addition of the lacking elements in the diet.

In further studies from 1942 to

1944, Calder (62) completed exper i ments on one hundred
rats.

He divided these rats into four groups with

twenty-five in each group.

The rats in group number

one were fed autocalved yeast (2.5 percent of diet by
weight).

The rats in group two received autoclaved

yeast (5 percent of diet by wieght).

The rats in the

· third group were fed yeast as desired.

And the rats

in the fourth group received large amounts of liver
extract, a potent source of vitamin B.

From the

above, it can be noted that the rats in groups one and
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two received diets deficient in the heat-stable fractions of the vitamin B complex.
follo ws:

His results were as

Rats in group one and two developed per-

sistent hypertension; r ~ts in the third group showed
variable alterations in blood pressure,; and those rats
in the fourth group maintained normal blood pressure
levels.

After one y~ar on this diet regime, the ani~

mals were sacrificed and their kidneys removed.
Grossly, the kidney of group three ~d four appeared
I

to be entirely normal, while tmse of the first and
second group presented finely granular surfaces with
small areas of hemorrhagic infiltration.

Microscopic-

ally again the kidneys from the rats in the last two
.

groups appeareq essentially normal, but hose of group
one and two presented conspicuous degeneration changes
in the afferent arterioles.

Similarly, the inter-

lobar arteries were found to have sclerotid. changes · -~
primarily in the intima and media; also, these arteries were often occluded with hyaline deposits.

The

epithelial cells of the renal tubules showed atrophic
and necrotic chang es.
size, and t~ickening

The glomeruli were small in ,

of

the capillary basement mem-

brane and membrane of the capsule was present.

The

point of interest here is that these pathological
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findings are consistent with those seen in postmortem
examination of kidneys from patients with essential
hypertension (63)(64).

It is indeed a misfortune

that these kidneys were not analyzed more thoroughly,
for it would be of great interest to compare the
pharmacological action of the extracts of such kidneys
with those of renal extracts prepared by previous int·

ve stigators.

On closer analysis,' these sclerotic

changes could conceivably result in a diminished amplitude of pulsation in these kidneys, thereby producing the hypertension as seen by Page (45) under conditions of reduced pulse pressure.

This latter as-

sumption was not presented by Calder, and probably is
of doubtful significance.

However, there is no ques-

tion that the original hypothesis of Calder that such
deficiencies may interfere with the normal oxidative
processes in the kidney thereby liberating hydroxytyramine must be discarded because it is based on the
presser-amine theory which I believe has no chemically
scientific support.

CLINICAL ESSENTIAL HYPERTENSION I N RELATION
TO EXPERIMENTAL HYPERTENSION
Having considered the most currently accepted
theories concerning the etiology of experimental hypertension as produced in the laboratory, it now beco mes necessary to apply these findings and theories
clinically in an attempt to correlate them with the
disease known as essential hypertension.
Strong evidence in favo;fthe
theory that human
~
essential hypertension has as its mechanism one similar to or the same as that of experimental hypertension produced by Goldblatt is manifested by the fact
that the physiological and pathological aspects of
the two conditions are practically identical.

Many

authors have established this; most notable among
them is.Page (42) .

He demonstrated enumerable simi-

larities between the two conditions; some of the
more important ones are as follows:

1) Neither con-

dition is accompanied by diminished peripheral blood
flow, a condition occurring frequently in other forms
of experimental hypertension; 2) Both show normal
glomerular filtration but with diminished peritubular
blood flow; 3) Both conditions are associated with
an increase in the force of the heart beat ; 4) Neither
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is augmented by cocaine or depressed by ergotamine
injections; 5) Both demonstrate an elevation of a
presser substance, believed to be hypertensin, in
the peripheral blood stream; 6) Hypertensin when
injected into humans causes no symptoms other than
headache and palpitation; 7) Both conditions are associated with diminished renal blood flow and efferent arteriolar vasoconstriction.

Pathological find-

ings, as well as in essential hypertensive kidneys,
could conceivable initiate hypertension, for they
are basically the same as those artificially produced in laboratory animals and as seen on histological
microscopic examination of these animal's kidneys
(64).

Clawson (64) found on postmorten examination

of kidneys of essential hypertensives that these
kidneys showed marked intimal hyp erplasia of the
renal arteries, renal arteriosclerosis in 97.6 percent of 420 cases, and renal arteriolosclerosis in
89.4 percent of these cases.

He demonstrated that

in these arteries, sc.l erosis was much more prominent
than in the arteries of other organs in the body,
and that this also was true of intimal hyperplasia.
He also found that arteriolosclerosis occurs much
more commonly in the hypertensive•s kidneys than in

-56normal kidneys.

Ashley and Hayes (50) found among

fifty-five cases of essential hypertension forty-six
wit~ the intra-renal pelves, as described by Ravich
(49), 54 . 5 percent with some sort of obstructive
lesion in the lower urinary tract, and 60 percent
with lesions of the upper urinary tract, typifying
back-pressure of urine from a lower urinary obstruc~
tion; here one compares the hypertension produced
experimen_t allY• by ureteral li gation which has previously been discussed .

There have been enumerable

similar reports which rather conclusively emphasize
the ·simil arity between the patholo gic physiology of
the Goldblatt experimental hypertension and clinical
essential hype_r tension.
A minimal runount of work has been done recently
concerning the effectiveness of renal extracts in
the treatment of human essential hypertension, assuming that hypertensinase in such extracts will destroy
the active hypertensin presumed to be present in
these pati ents and thereby relieve the condition (31)
(42).

In these experiments , it has been observed

that such measures are temporarily effective in most
cases; however, due to the lack of s tandardization
and ignorance. as to the exact quantities needed, the
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dangerous.

However, these results, because they

have been effective, do correlate somewhat experimental hypertension with essential hypertension
and substantitate the theory of hypertensin and the
role of the kidneys, as advocated by Goldblatt.
Prinzmetal and Friedman (65) and Blalock and
Mason ( 66 ) conducted interesting experiments in an
attempt to further correlate these two conditions.
Prinzmetal and Friedman prepared kidney extracts
from fifteen hypertensive patients and from seventeen normotensive individuals.

They then injected

the hypertensive extracts into several normal dogs
which sub_sequently deornonstrated an increase of
blood pressure averag~ng twenty-eight mm . Hg.

The

extracts from the normotensive patients also produced a hypertension when injected into normal dogs,
but the average rise in blood pressure was only
twelve mm . Hg., and, furthermore, this hypertension
was of a much shorter duration than that in the
former case.

Blalock and Mason noted similar results

when similar experiments were conducted.
Page (40) also demonstrated the-similarity between these two conditions.

He showed that when
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hypertensin was added to isolated segments of rabbits' intestines a vigorous contraction resulted,
and that when heparinized blood from patients with
essential hypertension was added to hypertensinogen,
much stronger contractions occurred than were noted
when the· same amounts of hypertensinogen were added
to the same amounts of blood from normotensive individuals.

Page showed similar results when the

blood of normal dogs and dogs made hypertensive
were substituted for the human blood.

These findings

imply that in the condition of essential hypertension, there is either an elevation of hypertensin
precursor or a decrease in .the amount of hypertensinase.
It is indeed disappointing that such little work
has been done in correlating experimentaJ. and essential hypertension through clinical efforts.

It is

also regretful to find that the surgical treatment
of essential hypertension, as approacbed on the basis of the Goldblatt theory, has shown so few miraculous cures, and results on the whole have been rather
disappointing (67) to those supporters of this theory.

However, in view of such strong experimental

evidence, one must seriously consider this theory in
spite of such disappointing clinical results.

FACTORS PREDISPOSING TO THE DEVELOPMENT
OF ESSENTIAL HYPERTENSION
Constitutional Make-up
Although much evidence has been presented in support of an actual specific bu.moral mechanism as being
the primary cause of essential hypertension, various
other predisposing factors must not be overlooked.
Such factors predominently include heredity and constitutional factors such as body build , obesity, and
the emotional make-up of the individual.
Baker (68) presented interesting statistics in
which he attempted to demonstrate that the incidence
of essential hypertension is low in that group of socalled constitutionally inadequate individuals.

This

author assumed that the occurrence of spontaneous
hernias was a good indication of the constitutional
adequacy of the individual, as measured by the neuromuscular und connective tissue tonus.

He reasoned

that if essential hypertension is a manifestation of
a hypertonic constitution, as will be discussed later,
then those with a hypotonic constitution (constitutional inadequates) would be less predisposed to . develop this condition.

He analyzed 148 cases of spon-

taneously acquired hernias, all of which were in male
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His results are incorporated into the out-

line that follows:
Age Group

Actual incidence
of essential hypert ens ion

Inc.idence of essential hypertension expected in
individuals picked at random

All ages

5.3%

12.2%

30-39 yrs.

none

10.0%

40-49 yrs.

3.3%

60- 69 yrs.

27.7%

48.oc/o

70+ yrs.

1 6 . 6%

33.3%

The

11

,

11.0%

expected incidence 11 values in the above

chart are taken from Grager ( 69 ).

The above fi gures

indicate that the incidence of essential hypertension
in the so-called constitutionally inadequate individu'
als is lower than in normal individuals,
and there-

fore this implies that perhaps a hypertonic type of
person is predisposed to essential hypertension.
Similarly, Palmer (70) and Alexander (71) showed
an increased incidence of essential hypertension in

the sensitive, hypertonic , easily excitable individual.

They noted that these individuals reacted more

as measured by blood pressure elevation during periods
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·of emotional stress from questioning by the examiner
than did normal individuals.

They also found that

these persons reacted more to the cold-presser test
than did normal persons.

Heredity
Concerning the cold-pressor test, Hines and
Brown (72) analyzed seventy-eight cases through this
method and found that in those showing exaggerated
response to this test, there was a much higher incidence of familial cardiovascular disease,which has
been shown to be a predisposing factor.
This so-called hereditary tendency is an established fact; it has been stressed for as long a
time as the clinical disease has been known (73).
On an analysis of 1,524 members of 277 families,
Ayman (74) found that the incidence of essential
hypertension in children whose parents were normotensive was only 3 percent, whereas those of parents
one of whom had essential hypertension, the incidence
was 28 percent; and the incidence in children whose
~

parents both had essential hypertension was as high
as 45 percent.
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their findings by showing that 68 percent of 300
patients who had essential hypertension gave family
histories of caxdiovascular disease, as compaxed
with 37 percent of 564 patients who did not have
hypertension.
Thacker (76), in 1940, conducted a survey of
15,500 maJ.e students at the University of Illinois
from 1935 to 1939.

His results showed that a fami-

ly history of cardiovascular disease was present in

.54.1 percent of all students with hypertension,
~ut such a history was present in only.3.1 percent
of the normotensive students.

It should be stated

that this survey includes all forms of hypertension.
Hines (77) presented further data acquired from
an analysis of 608 cases, which was even more convincing than that presented in his previous analysis
mentioned above.
Wenstrand and Feldt (78), on the other hand,
after an analysis of 6 ,564 life insurance applications, found data which made them doubt the significance of the hereditary factor.

Their series con-

sisted of 4 ,376 individuals who were refused life
insurance because of hypertension , and 2,188 normal
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policy applicants to be used as a control series.
They found that the history of hypertensive cardiovascular disease in parents or siblings was present
in 12.5 percent of normotensive individuals, whereas only 15.1 percent of the applicants rejected because of hypertension had a significant family hist~
ory.

This, indeed, appears to be strong evidence

against the familial tendency theory; however, in
face of much stronger evidence in favor of such a
theory, it becomes necessary to minimize these results .

Furthermore, during an examination for life

insurance, a hypertensive individual with a significant family history, of course, will be more apt
to deny such a history than a normotensive person
who knows that his blood pressure will not interfere
with his obtaining a policy and will be more free to
admit such a positive history.

Body Build and Obesity
As mentioned previously, body build and obesity
are believed to be of some significance when one
considers predisposing factors (73). - Among the
staunch supporters in this field are Robinson and
Brucer.

•

They made a distinction between body build
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for they stated that a high ratio of weight to
height in itself is no indication of obesity, which
is, of course, a correct statement.

They separated

the body build factor from the obesity factor by
considering body build alone as represented by the
chest circumference divided by the height, and obesity alone as represented by the weight X one hundred divided by height X the chest circumference.
Applying these methods of calculation to the measurements of 3,436 men and 2,184 women taken on pe·.:..
riodic health examinations (79), the authors found
that:

1) 37 percent of the lateral build typed

i ndi vi duals are obese and only 3 percent of the·
linear build typed individuals are obese; 2) The
lateral build type showed the highest incidence of
essential hypertension; 3) When body build groups are
held constant, obesity shows an uncertain correlation
with essential hypertension; 4) Obesity showed its

.

greatest correlation with blood pressure in the linear or slender body build types.

From these and

other similar findings, these authors concluded that
the body build type is the true genotypic factor and
that obesity plays only a secondary role in essential
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hypertension.

On another analysis of 3,658 cases

(80), they demonstrated that:

1) The lateral broad-

chested type male had four times the expectancy of
diastolic hypertension developing than did the line1

ar type male; ~he female of the lateral build type
having eleven and ei ght times the expectancy, respectively; 2) In ~y random group of males of the
lateral build type, the ratio of systolic and diastolic hypertension is three times that of low systolic and diastolic blood pressures; in the female,
this ratio is five to one; and in the linear type
build, these respective ratios.are reversed; 3) In
any group of hypertensive individuals picked at
random, the ratio of lateral to linear type is four
to one in the male, and eleven_ to one in the female.
These findings further emphasize the importance of
the body build type in hypertension .
As regards obesity alone, it is a known and
accepted clinical fact that hypertension which develops co-existent with an acquired obesity in a
previously normc:itensive individual can often be
significantly and permanently reduced when the patient is placed on a reduction diet and the obese condition disappears .

I believe that little more need
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be added concerning the frequently observed role that
obesity plays in hypertension .

CONCLUSIONS
Having considered the pertinent facts concerned
in the etiology of essential hypertension in man , it
now becomes necessary to state the conclusions obtained fro m these facts.

They may be listed as fol-

lows:
1. The toxic presser-amine theory cannot be considered as a basic cause of clinical essential hypertension.
2. The theory that a diet deficient in the heatstable fractions of -the vitamin B complex is the
cause of essential hypertension remains questionable.
This theory, if based on the fact that the deficiency
interferes with the normal oxidative processes in the
kidney thereby producing pressor hydroxytyramine, can
be rejected for it supports the toxic pressor-amine
theory ; however, this theory becomes more reasonable
when one considers that such a deficiency causes
renal lesions which conceivably could result in a
reduced pulsatile pressure ih the kidney and thereby
produce hypertension through this mechani s m.
3. The most acceptable theory at the present
t ime is that presented by Page, Goldblatt, Prinzmetal , Menendez et al.

This theory stated simply
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indicates that under conditions 0£ reduced pulse
pressure in the intra-renaJ. circulation, which c-o ncei vably could be present in renal arterioarteriolosclerosis, hydronephrosis, pyelitis, nephritis, etc~, -a lymphedema of the kidney results .
This lymphedema promotes tubular anoxia and under
these anoxic conditions, the proximal tubular epithelium liberates an enzyme, hypertensinogen, which
acts on its substrate hypertensin precursor, a blood
globulin formed chiefly in the liver, to form hypertensin, a polypeptide which causes vasoconstriction of the arterioles throughout the body by virtue
of its direct action on the smooth musculature of
these arterioles .

In the kidney, another enzyme is

produced which destroys hypertensin; this substance
is termed hypertensinase.
It is believed that in the condition known as
essential hypertension, there is either large amounts
of hypertensin precursor formed in the liver associated with an increase in hypertensinogen from the
kidney, or there is a deficiency of hypertensinase.
The former assumption is the more acceptable.
4 . There is present a familial tendency to the
development of essential hypertension.
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5. There are certain definite predisposing factors in the development of essential hypertension;
the most prominent among these are:

A. A hyperactive sympathetic nervous system, as measur ed by the cold-pressor
test.

B. A lateral-buil~ type of physique.
C. Obesity.

D. A fetal, intrarenal type of kidney
pelvis.
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